Three major acidic proteins of bovine seminal plasma, BSP-A1, BSP-A2 and BSP-A3, were purified to homogeneity, by employing fast protein liquid chromatography, gel filtration and h.p.l.c. The proteins were purified on the basis of their stimulatory effect on the basal release of gonadotropins by rat anterior-pituitary cells in culture. All three proteins migrated as distinct single bands in the presence or absence of 2-mercaptoethanol in SDS/polyacrylamide-gel electrophoresis. Their Mr values were estimated to be between 15000 and 16500 by SDS/polyacrylamide-gel electrophoresis. Similar Mr estimates were obtained when they were subjected to gel filtration on a calibrated column of Sephadex G-75 equilibrated in 0.05 M-acetic acid, pH 3.0. However, BSP-A1 and BSP-A2 were eluted as aggregated molecules (Mr 60000-120000) during gel filtration on Sephadex G-200 equilibrated in 0.05 M-NH4HCO3, pH 8.5, or phosphate buffer, pH 7.0, containing 0.15 M-NaCl. In the presence of 8 M-urea both BSP-A1 and BSP-A2 were eluted at positions corresponding to Mr values of 17000-20000. BSP-A1 and BSP-A2 had an identical amino acid composition, which differed largely from that of BSP-A3. All three proteins contained aspartic acid as the N-terminal residue, and cysteine was identified as the C-terminal residue. BSP-A1 and BSP-A2 are glycoproteins containing galactosamine, sialic acid and neutral sugars, but BSP-A3 did not contain any covalently attached sugars. Whereas BSP-A2 and BSP-A3 were eluted unadsorbed, BSP-A1 bound to wheat-germ lectin-Sepharose 6MB and could be eluted by the competing sugar N-acetyl-D-glucosamine. Treatment of BSP-A1 and BSP-A2 with trypsin resulted in complete loss of gonadotropin-release activity, but BSP-A3 retained full activity. Antibody raised against BSP-A1 did not cross-react with BSP-
INTRODUCTION
The seminal plasma, which serves as a vehicle for ejaculated spermatozoa, is a complex mixture of secretions of the testes and the accessory glands (Mann, 1975) . Despite its great physiological significance as the carrier of sperms to the female reproductive tract, the functions of the various proteins and polypeptides in the seminal plasma are still poorly understood. Defining the molecular characteristics, including structure, is an essential step in this direction. Several androgendependent proteins have served as useful markers of prostatic function (Heyns et al., 1978; Lea et al., 1979; Wilson & French, 1980; Chen et al., 1982; Isaacs & Shaper, 1983 ) and seminal-vesicle activity (Ostrowski et al., 1979; Yu-Ching et al., 1980) . The amino acid sequences of several seminal plasma proteins have been elucidated in recent years (Esch et al., 1983a; Seidah et al., 1984a,b; Akiyama et al., 1985; Li et al., 1985) .
Following a report (Franchimont et al., 1975 ) that bull seminal plasma contained a follicle-stimulatinghormone-(follitropin-) inhibiting factor 'inhibin', our laboratory became interested in examining in detail the molecular nature of these substances. During the course of these investigations, it became clear that both basic proteins (Sairam et al., 1981; Manjunath, 1984a) as well as acidic proteins (Manjunath 1984b ) influenced gonadotropin secretion from pituitaries incubated in vitro. The partial purification and some characteristics ofthree acidic proteins ofbull seminal plasma, which were designated BSP-A1, BSP-A2 and BSP-A3, were reported (Manjunath, 1984b; Manjunath & Sairam, 1985) . These proteins released gonadotropins spontaneously in a manner similar to luteinizing-hormone-releasing hormone (luliberin) in rat pituitary-cell cultures in synthetic medium. However, in the presence of medium containing calf serum gonadotropin release did not occur. In the presence of luteinizing-hormone-releasing hormone a bimodal secretion of both gonadotropins [folliclestimulating hormone and luteinizing hormone (lutropin)] was seen, i.e. inhibition at lower concentrations and stimulation at higher concentrations. On the basis of amino acid compositions we speculated that these proteins may be similar to the so-called 'gonadostatins', BSP I, BSP II and BSP III, of bull seminal plasma (Esch et al., 1983b) . These three proteins were isolated by using gel filtration, partition chromatography and h.p.l.c. BSP II and BSP III have identical amino acid compositions and are collectively named PDC-109 protein. BSP I has a different amino acid composition, suggesting a unique structure for this protein. The primary structure of PDC-109 has been determined. It contains 109 amino acid residues with two structurally similar domains, A and B, of 38 and 41 amino acid residues respectively, each containing two disulphide bridges (Esch et al., 1983a) . No structural studies were provided by Esch and co-workers or by any other workers on gonadostatin BSP I.
The work described in the present paper clearly indicates that the BSP-A1, BSP-A2 and BSP-A3 that we have isolated on the basis of gonadotropin-release activity are identical with the gonadostatins isolated on the basis of their antagonistic action on luteinizinghormone-releasing hormone. BSP-A1 and BSP-A2 in our nomenclature correspond to PDC-109 (BSP II and BSP III), and BSP-A3 corresponds to BSP I. The present study also revealed that BSP-A1 and BSP-A2 are glycosylated and that they are identical polypeptides but containing different amounts of carbohydrate. Furthermore, comparative studies between BSP-A1 (or BSP-A2) and BSP-A3 revealed differences in elution characteristics under various conditions, Mr, amino acid and carbohydrate compositions, stability towards trypsin and immunochemical properties. The present paper also describes a simplified method of purification for obtaining large amounts of these proteins. A subsequent paper describes the structural differences between BSP-A3 and PDC-109 (Seidah et al., 1987) .
MATERIALS AND METHODS

Materials
Sephadex gels (G-75, G-100 and G-200) , concanavalin A-Sepharose, wheat-germ lectin-Sepharose 6MB and Mono S (cation-exchange) and Mono Q (anionexchange) columns were purchased from Pharmacia Fine Chemicals (Dorval, Quebec, Canada) . Sequencer-grade anhydrous heptafluorobutyric acid was purchased from Beckman (Montreal, Quebec, Canada). Trifluoroacetic acid was purchased from Pierce Chemical Co. (Rockford, IL, U.S.A.) . ,uBondapak phenyl and 1sBondapak C18 columns were purchased from Waters Millipore (Milford, MA, U.S.A.) Mr marker proteins were purchased from Pharmacia. Reagents used for electrophoresis were obtained from Bio-Rad Laboratories (Richmond, CA, U.S.A.). Other reagents and chemicals used were of analytical grade.
Collection of the ejaculate and preparation of the crude bovine seminal-plasma powder
Ejaculates from adult Holstein bulls were collected and processed as described previously (Manjunath, 1984b 
Purification
Chromatography on Mono S. Chromatography on a Mono S column essentially removes some of the basic proteins that would otherwise be co-eluted with active proteins in subsequent steps (gel filtrations). About 100 mg of crude bovine seminal-plasma powder was dissolved in 15 ml of 0.05 M-sodium phosphate buffer, pH 7.1, and passed through a Mono S column attached to a fast protein liquid chromatography system. The unadsorbed active fraction from two runs was concentrated to 5 ml by passage through an ultrafiltration cell equipped with a UM-2 membrane. The concentrate was then subjected to gel filtration as described in the next step.
Chromatography on Sephadex G-75. The protein concentrate from the previous step was chromatographed on a column of Sephadex G-75 equilibrated in 0.05 M-acetic acid, pH 3.0 (Fig. 1) . Fractions (100-136), eluted at positions corresponding to Mr approx. 15000-20000, contained most of the stimulatory activity (Manjunath, 1984b) . These fractions were pooled and freeze-dried (designated G-75 IV).
Chromatography of Sephadex G-200. About 85 mg of freeze-dried protein from the previous step was dissolved in 5 ml of 0.05 M-NH4HCO3 and chromatographed on a Sephadex G-200 column equilibrated in 0.05 M-NH4HCO3 (Fig. 2) . Most of the stimulatory activity of gonadotropin release was eluted in fraction II (designated H.p.Lc. (bovine seminal-plasma acidic protein 1) and BSP-A2
( Fig. 3a) .
Fraction G-200 IV always gave one major active 120 140 160 fraction, designated BSP-A3 (Fig. 3b) , and a minor active fraction, which corresponds to BSP-A2. All three active 
M, determination
The Mr values of BSP-A1, BSP-A2 and BSP-A3 were estimated by SDS/polyacrylamide-gel electrophoresis and by gel filtration. The SDS/polyacrylamide-gelelectrophoresis run was carried out in accordance with Laemmli (1970) . A low-Mr calibration kit (Pharmacia) containing phosphorylase b (Mr 94000), serum albumin (Mr 67000), ovalbumin (Mr 43000), carbonic anhydrase (Mr 30000), trypsin inhibitor (Mr 20 100) and a- Fauconnet & Rochemont (1978) under the conditions described previously (Manjunath & Sairam, 1982 (Matsubara & Sasaki, 1969 (Hammond & Papermaster, 1976) .
N-Terminal and C-terminal analysis N-Terminal amino acid was determined by the dansyl (5-dimethylaminonaphthalene-1 -sulphonyl) chloride method (Gray, 1972) . Identification of the dansylated N-terminal amino acid was accomplished by t.l.c. on polyamide sheets (Hayashi, 1977 
RESULTS
Purification
Initially, studies were conducted to determine the behaviour of these proteins under the conditions of various purification methods (Manjunath, 1984b The purification procedure described in the Materials and methods section is simple, reproducible and useful for obtaining large amounts of these proteins. From 200 mg of crude bovine seminal-plasma powder (approximately equal to 3 ml of pooled bull seminal plasma) about 45+ 5 mg (20-25%) of BSP-A1 and BSP-A2 and 17 + 3 mg (7-10%) of BSP-A3 were obtained after the third step of purification. Thus these three proteins constitute more than 30% of the total protein contained in bull seminal plasma. SDS/polyacrylamide-gel electrophoresis and Mr  Fig. 4 shows the SDS/polyacrylamide-gel-electrophoretic pattern under reducing conditions. All three peptides migrated as single distinct bands. In the absence of reducing agents, a similar pattern (not shown) was obtained, but the proteins stained poorly. These results clearly indicate that they are single-chain polypeptides. The Mr values, as calculated by the use of marker proteins, were 16500, 16000 and 15000 for BSP-A1, BSP-A2 and BSP-A3 respectively.
Similar estimates of about 17 000-20 000 were obtained when the Mr values of these polypeptides were determined on a calibrated column of Sephadex G-75 equilibrated in 0.05 M-acetic acid (Fig. 1) . When Mr estimations were carried out on a Sephadex G-200 column equilibrated in 0.05 M-NH4HCO3 (Fig. 2) or on a Sephadex G-100 column (2.5 cm x 110 cm) equilibrated in 0.05 M-phosphate buffer, pH 7.0, containing 0.15 M-NaCl, quite disparate results were obtained. Whereas BSP-A3 gave a value of about 20000, BSP-A1 and BSP-A2 gave Mr estimates ranging from 60000 to 120000. When phosphate buffer containing 8 M-urea was used, both BSP-Al and BSP-A2 were eluted at a region corresponding to an Mr of 20000. Amino acid composition Table 1 shows the amino acid compositions of BSP-A1, BSP-A2 and BSP-A3 and compares them with those of gonadostatins (Esch et al., 1983a) . BSP-Al and BSP-A2
showed an identical amino acid composition but this differed from that of BSP-A3. Differences were noticed in the contents of almost all amino acids, notably in basic amino acids as well as glutamic acid, proline, valine, methionine, isoleucine and leucine. All three proteins contained about four or five residues of tryptophan. Further, the amino acid composition of BSP-A1 and BSP-A2 was identical with that ofPDC-109 proteins (BSP II and BSP III), and BSP-A3 appears to be similar in amino acid composition to BSP I (Esch et al., 1983a) . The composition of BSP-A3 is nearly identical with values obtained from sequence data (Seidah et al., 1987 t Determined on amino acid analyser. t Determined by microfluorimetric assay (Hammond & Papermaster, 1976) . Protein solutions (1 mg/ml in 0.05 M-NH4HC ing trypsin (enzyme/substrate ratio 1: 100, incubated at 37 'C. Portions of digest were M intervals up to 6 h, mixed immediately wit trypsin inhibitor (8-fold excess over trypsin coI freeze-dried and tested for follicle-stimulatit release activity on pituitary-cell cultures a previously (Manjunath, 1984b) , and com controls (100%). Controls were treated sim that trypsin was added after adding trypsin it sequence analysis indicated cysteine as ti amino acid in this protein (Seidah et (Table 2) showed that BSP-A, and BSP-A2 are glycoproteins and that BSP-A3 did not contain any covalently bound carbohydrate. BSP-A1 contained higher amounts of carbohydrate (3.6-6.5%) than BSP-A2 (1.2-2%). Neutral sugars were absent from BSP-A2. Binding to wheat-germ lectin-Sepharose
The results on carbohydrate analysis prompted us to check for binding to wheat-germ lectin-Sepharose. Over 90% of BSP-Al was bound to the column, and the bound protein could be eluted by the competing sugar 120 360 N-acetyl-D-glucosamine. In contrast, when BSP-A2 and BSP-A3 were chromatographed under the same condiormone-release tions, both of them were eluted unadsorbed. Fig. 6(a) , BSP-A1 and BSP-A2 cross-reacted with anti-BSP-A1 serum, and when they were placed in adjacent wells the precipitin line obtained was continuous (reaction of identity). No precipitin line was formed with BSP-A3, indicating non-identity with BSP-A1. With an antiserum to BSP-A3 a sharp single precipitin line was seen with BSP-A3, but BSP-A1 and BSP-A2 failed to cross-react (Fig. 6b) . Thus the antigenic determinants for BSP-A3 are different from those of BSP-A1 and BSP-A2. Similar conclusions have been drawn from the radioimmunoassay of these proteins.
DISCUSSION
In this paper we describe the isolation and characterization of three major acidic proteins, designated BSP-A1, BSP-A2 and BSP-A3, found in bull seminal plasma. These proteins were purified on the basis of their ability to stimulate the release of gonadotropins by rat anterior-pituitary-cell cultures. A detailed report of the effect of these proteins on release of gonadotropin by pituitary-cell cultures has been given previously (Manjunath, 1984b) . A comparison of the amino acid compositions of BSP-A1, BSP-A2 and BSP-A3 of the present study with those of the three proteins BSP I, BSP II and BSP III isolated from the same source by Esch et al. (1983a) revealed that they are identical. Whereas we isolated these proteins on the basis of their ability to stimulate the release of gonadotropins by pituitary-cell cultures, Esch et al. (1983a) isolated the same proteins on the basis of their antagonistic action on luteinizinghormone-releasing hormone. Although they may have effects on gonadotropin release in pituitary-cell cultures in vitro, their physiological significance still remains to be determined. Therefore we have not given any specific name for these proteins and prefer to call them BSP-A1, BSP-A2 and BSP-A3 (based on their order of elution during h.p.l.c.). BSP II and BSP III have an identical amino acid composition and together are called PDC-109 protein (P = protein, D = N-terminal aspartic acid and C = C-terminal cysteine) by Esch et al. (1983a) , following Mutt's nomenclature. BSP-A1 and BSP-A2 of the present investigation correspond to PDC-109 protein, and BSP-A3 corresponds to BSP I described by Esch et al. (1983a) .
One important finding of the present investigation is their behaviour during gel filtration in various aqueous media of different pH values (pH 3.0, pH 7.0 and pH 8.5). Whereas BSP-A3 was eluted at a position corresponding to an Mr of 17000-20000 at all pH values, BSP-A1 and BSP-A2 were eluted as aggregated molecules of Mr in the range 60000-120000 at pH 7.0 or above. However, at acidic pH or in 8 M-urea-containing buffer the latter two proteins were eluted at a position corresponding to the Mr region 17000-20000. The apparent Mr (15000-16500) determined for these proteins by SDS/polyacrylamide-gel electrophoresis or gel filtration is higher than the calculated value, which is 12774-13403 by structure analysis (Esch et al., 1983a; Seidah et al., 1987) . Such abnormal behaviour could be due to the presence of carbohydrate in BSP-A1 and BSP-A2.
The results of the present study indicate that BSP-A1 and BSP-A2 are glycoproteins containing galactosamine and sialic acid. Neutral sugars were present only in BSP-A1. Further, BSP-A1 contained higher amounts of carbohydrate as compared with BSP-A2. In contrast, BSP-A3 did not contain any covalently bound carbohydrate. Esch et al. (1983a) have not reported the presence of any sugars in PDC-109 or BSP I. Thus ours is the first report to indicate the presence of carbohydrate in these proteins. As glucosamine was absent from both BSP-A1 and BSP-A2, it is reasonable to speculate that the carbohydrate is linked to the protein in the form of O-glycosidic linkages, probably involving galactosamine with hydroxy groups of threonine/serine residues, as in mucins (Kornfeld & Komfeld, 1976) .
The two peptides BSP-A1 and BSP-A2 are identical in amino acid composition but they have different retention times during elution on h.p.l.c. Esch et al. (1983a) also obtained similar results with BSP II and BSP III. Whereas they believe that the methionine residues in native BSP II were oxidized to methionine sulphoxide during purification to give rise to BSP III, we believe that the phenomenon is due to different amounts of carbohydrate. BSP-A1 contained more carbohydrate and therefore was eluted earlier during the h.p.l.c. than was BSP-A2, which contained less carbohydrate.
It is noteworthy that all three peptides have same N-terminal aspartic acid and same C-terminal cysteine. The amino acid composition of BSP-A3 is quite different from that of BSP-A1 (or BSP-A2), and consequently BSP-A3 cannot be a product of post-translational processing of BSP-A1 (or BSP-A2). This is further substantiated by our immunochemical studies (Fig. 6 ).
Anti-BSP-Al serum did not cross-react with BSP-A3.
Similarly, anti-BSP-A3 serum cross-reacted neither with BSP-A1 nor with BSP-A2. Thus antigenic determinants for BSP-A3 are different from those of BSP-A1 or BSP-A2. In addition, BSP-A3 retained full activity even after 6 h treatment with trypsin, whereas BSP-A1 and BSP-A2 lost their activity within 30-60 min. This is another major difference between BSP-A3 and BSP-A1 (or BSP-A2).
In conclusion, two of the proteins, namely BSP-A1 and BSP-A2, purified from bovine seminal plasma on the basis of their ability to stimulate release ofgonadotropins by rat anterior-pituitary-cell cultures are identical and are same as gonadostatin PDC-109 (Esch et al., 1983a) . These two proteins differ in degree of glycosylation. The third member of this family of proteins, namely BSP-A3, which is the same as gonadostatin BSP I (Esch et al., 1983a) , is not glycosylated, and differs in terms of elution characteristics, amino acid composition, stability towards trypsin treatment and antigenicity as compared with BSP-A1 (or BSP-A2). All these results therefore indicated structural dissimilarity between BSP-A3 and BSP-A1 (or BSP-A2). A subsequent paper (Seidah et al., 1987) describes the molecular details of such differences between BSP-A3 and BSP-A1 (or BSP-A2). Vol. 241
